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ILLUMINATION DEVICE AND
ILLUMINATION SYSTEM

The invention relates to an illumination device comprising
at least one light fixture, such that at least one sensor device
for detecting objects is assigned to the at least one illumina-
tion device, said sensor device supplying information for
controlling the at least one light fixture to the illumination
device.

In addition, the invention relates to an illumination system
comprising a number of such illumination devices.

Finally, the invention also relates to a method for illumi-
nating a location that is to be illuminated and objects using the
aforementioned illumination system.

Light fixtures are currently activated by direct external
control. A source for such direct control may be, for example,
a motion sensor, an acoustic sensor, a timer or a remote
control signal. The luminous intensity emitted by light fix-
tures controlled in this way is not dependent on the type of
object (e.g., vehicle, pedestrian, . . . ), which has stopped or is
moving in the environment of the light fixture. The light
fixture is activated, regardless of the position, speed or direc-
tion of movement of the object, regardless of whether a pedes-
trian, a passenger vehicle or a truck, for example, is detected
by a motion sensor or an acoustic sensor.

Traditional known light fixtures thus execute only one con-
trol signal. If this control signal also contains luminous inten-
sity information, the luminous intensity of the light fixture is
adjusted accordingly.

The light fixture is deactivated directly or through interval
switching independently of the object or objects in the vicin-
ity of the light fixture, in particular independently of the
position of the object, its speed or direction of movement.

Furthermore, with these known light fixtures, control is
accomplished easily to the extent that the light fixture—
usually with the full luminous intensity—is activated as soon
as an object is detected.

One object of the invention is to permit a greatly simplified
illumination of locations and objects that are to be illumi-
nated, making it possible to save energy and optionally also
offering an illumination which is subjectively perceived as
more pleasant.

This object is achieved by means of an illumination device
as mentioned in the introduction, such that the at least one
sensor device according to the invention is equipped for
detecting the type of object of a detected object and/or the at
least one sensor device is equipped for determining the dis-
tance of the detected object; the illumination device has at
least one memory, said memory being equipped for storing at
least one light profile, such that the at least one light profile
contains luminous intensity values as a function of object
types and/or the distance of an object from the at least one
light fixture of the illumination device and such that the
illumination device comprises at least one control device
which controls the at least one light fixture with a correspond-
ing luminous intensity value in accordance with the informa-
tion originating from at least one sensor device pertaining to
the object type and/or the distance of a detected object.

An autonomous setting of the luminous intensity/luminous
intensity of one or more light fixtures of an illumination
device depending on the type of object detected (=object
type) and/or the distance of the object from the illumination
device and/or the light fixtures.

The sensor device basically measures the distance of an
object from the sensor device itself, and then this information
can easily be converted by the illumination device to the
distance of the object from the one or more light fixtures of the
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illumination device, which is important in particular when the
illumination device comprises external lights (in this regard
see also the text below). The sensor device is preferably
measured along with the direction of movement and/or speed
of movement.

It should also be pointed out here that the object may be an
object that is not classified more accurately but also may
include a wide variety of objects such as passenger vehicles,
trucks, motorcycles, etc. but also subjects such as people, all
of'which are referred to here as “objects.” Likewise these may
be objects that are not classified more precisely. The classifi-
cation in “object types” can follow the above classification of
passenger vehicles—trucks—motorcycles—people (pedes-
trians)— . . ., but there can also be a classification in object
types according to the size of the objects, their speed, etc. or
their could be a mixed classification (e.g., fast passenger
vehicle, slow passenger vehicle, . . . could each also represent
its own object type).

The objects that are “not classified further” are objects
whose object type does not recognize an illumination device
or whose object type cannot detect it (for example, due to
external conditions, etc.). For these objects and/or object
types not classified further, a standard light profile is provided
which is used for these objects.

Fundamentally the approach according to the invention
functions even if only the object type or the distance is deter-
mined. However, it is especially advantageous if the at least
one sensor device is equipped to detect the object type of a
detected object and also to determine the distance of the
detected object from the sensor device, and a separate light
profile having luminous intensity values as a function of the
distance of the respective object from the at least one light
fixture of the illumination device is stored in the at least one
memory for each object type.

In this case, the luminous intensity of the respective light
fixture(s) of an illumination device can be adjusted as a func-
tion of the object type and the distance of the object from the
light fixture(s) of the illumination device.

For example, a “truck™ as an object type requires a higher
or lower luminous intensity of the light fixtures than the
“pedestrian” object type. However, the luminous intensity of
the one or more light fixtures of an illumination device can be
adjusted as a function of distance—how far away the respec-
tive object is from the respective light fixture—so that the
light profile can be individualized even further for each object
type over the distance. For example, it is possible to provide
that—apart from the different absolute luminous intensity—
one light fixture lights up to a greater or lesser extent for a
pedestrian than for a truck at a certain distance.

It is most especially important if the sensor device is
equipped for detecting the position of a detected object, and
the at least one control device controls the at least one light
fixture with a corresponding luminous intensity value accord-
ing to the information originating from the at least one sensor
device and pertaining to the position of the detected object,
i.e., in addition to the distance of the object from the sensor
device (and accordingly the distance from the light fixtures of
the illumination device), the direction of the object is also
determined, so that the sensor device “knows” and/or can
ascertain accordingly where the object is located.

For example, it may be subjectively pleasant for a person in
a hallway in a building if the entire hallway is illuminated
toward the front and the rear as long as the person is in this
hallway, whereas in the case of motor vehicles, for example,
it is important for the road in front of the vehicle to be well
lighted, but the illumination in an area situated behind the
vehicle is less important than it is for a person in a hallway.
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Accordingly, it is important for a pedestrian on a sidewalk to
be able to see better toward the front or toward the rear but the
pedestrian need not be strongly illuminated himself.

Itis also especially important if at least one communication
device for communicating with other illumination devices of
the same type is allocated to the illumination device. The
communication may be either hardwired or wireless (radio,
Bluetooth, WiFi, mobile cell phone, infrared, . . . ) or a
wireless-hardwired communication combination is also pos-
sible.

For the communication of the illumination devices with
one another, they may exchange information with one another
primarily with respect to objects detected but also, for
example, their current luminous intensities, and this informa-
tion may be used by the illumination devices to select the
luminous intensities from predetermining light profiles.

An illumination device according to the invention can be
implemented in a particularly compact design if the at least
one memory and/or the at least one sensor device and/or the at
least communication and/or the at least one control device
is/are integrated into the illumination device preferably natu-
rally when all the aforementioned components are integrated
into one device.

In this very compact embodiment of the illumination
device LV according to the invention, the light fixtures (one or
more light fixtures) as well as one, several or preferably all the
components necessary within the context of the present
invention (sensor device, memory, communication device)
are integrated into the illumination device.

However, the invention equally also includes the situation
in which the memory and/or sensor device and/or the com-
munication device, for example, is/are physically separated
from the light fixture(s) so that although these components
are accommodated in a separate housing, the light fixtures are
not arranged in this housing but instead one or more lights are
arranged at different locations at a distance from these com-
ponents.

Equally, however, it may also be advantageous if all the
components and one or more light fixtures are also arranged
in one housing but then one or more of the other external light
fixtures which do not have a separate sensor device of their
own, are controlled by this “unit.”

In its most general interpretation, the terms “illumination
device” thus refers to all the components that belong together
(sensor device, communication device for communicating
with other illumination devices, sensor device, control
device, light fixtures), but they need not be integrated into a
common unit but instead in the extreme case all of them may
be arranged separately.

In the case of external light fixtures, which are controlled
by the control device, the light fixtures must be equipped for
communication with the control device. This may be accom-
plished by hardwired and/or wireless methods but fundamen-
tally the communication device may be used for communi-
cation of the illumination devices with one another or there
may a separate communication device by means of which the
control device communicates with the external light fixtures.

The illumination device may comprise one or more inter-
nal, purely external or mixed internal and external light fix-
tures.

External light fixtures which are usually located at a certain
distance from the sensor device so these light fixtures do not
assume the same position with respect to an object as the
sensor device, a corresponding value from a light profile may
be assigned and transmitted again using an extrapolation for
example. However, this type of “central control” is generally
used only for a limited number of light fixtures in a certain
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environment around the sensor device (for example, a dis-
tance of approx. 15 meters) and is advantageous in particular
in those cases in which the light fixtures are installed at very
short distances from one another such as in a tunnel or a
corridor in a building.

It is fundamentally sufficient for the invention if the light
fixtures of an illumination device can be turned on and off.
However, itis especially advantageous if the at least one light
fixture can be switched to various power levels or is dimmable
or if the light fixtures can be regulated at different discrete
luminous intensities.

To achieve the most harmonious possible lighting pattern,
it is also expedient if the at least one sensor device is addi-
tionally equipped to detect the speed and/or to detect the
direction of movement of the object and if the control device
is equipped to adjust the rate of activation and/or deactivation
and/or the duration of illumination of the at least one light
fixture of the illumination device as a function of the speed of
the detected object and/or the direction of movement of the
object and/or the position of the object.

Based on the instantaneous speed of an object, its distance
from a light fixture and optionally its position with respect to
the light fixture, the duration of illumination and the on/off
time are calculated by the control device. In particular the
object defined in the introduction is achieved with an illumi-
nation system as mentioned above in which each illumination
device according to the invention is controlled independently
of'the detected object type and/or the distance in particular the
position of an object from the at least one light fixture of an
illumination device with a corresponding luminous intensity.

It is especially advantageous, as already mentioned above,
if neighboring illumination devices communicate with one
another by means of their communication means for
exchanging information in the illumination system according
to the invention, such that the information transmitted by an
illumination device includes at least sensor information from
its at least one sensor device, and wherein an illumination
device receiving such information transmitted by one or more
neighboring illumination devices will take this information
into account in selecting the luminous intensity for its at least
one light fixture.

An especially simple design of the illumination system is
obtained when the same light profiles are stored in all illumi-
nation devices of the illumination system. Furthermore, in
this way all relevant information about autonomous adjust-
ment of the luminous intensity is available to each illumina-
tion device.

The information content which is transmitted to the other
illumination devices/light fixtures in real-time operation can
be reduced thereby and this also reduces the technical
requirements of the communication link. For a movable
object that has already been identified in the system, it is
sufficient accordingly if one illumination device sends a mes-
sage about the direction and speed of the object to the next
illumination device and also transmits the message “next
value from the table” (and/or specifying which value is to be
taken from the table).

If one illumination device comprises multiple light fix-
tures, which illuminate different areas (and not essentially
one area), then the illumination device naturally converts the
information it has received from its own sensor device and/or
other illumination devices, to the distances of the light fix-
tures accordingly.

In addition, the fact of using identical profiles in all illumi-
nation devices offers the advantage that when replacing the
illumination device, for example, the light profiles can be
retrieved from another neighboring illumination device.
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Accordingly, even with a change in one or more light profiles,
which are essentially installed in only one illumination device
in the system and may then be distributed among or retrieved
the other devices in the system.

The system according to the invention is thus very robust.
If one illumination device fails or loses its profile data, the
other illumination devices nevertheless have correct values
from their own tables.

In addition, it is also expedient if the choice of the illumi-
nation devices to which information is transmitted from one
illumination device is object specific, i.e., depends on the
specific object type.

For the reason given above, it may also be advantageous if,
alternatively or additionally, the choice of the illumination
devices to which information is transmitted from an illumi-
nation device depends on the position of the object in the
illumination system.

For example, if a light profile having four values (e.g.,
FLLAS=4; regarding the term “FLAS,” see the description
further below) is assigned to an object, then an illumination
device, which is located four distance units (=four light fix-
tures) away from the object, will automatically not forward
the information further because no additional values are
present in the light profile and thus they are not of further
relevance for the next illumination device. This decision is
object specific. In the case of an object with six values, for
example, in the light profile (e.g., FLAS=6), an illumination
device which is four distance units away from the object O5
will send the information further. This system suitability
guarantees that the information is propagated only over a
short distance, so that the transmitted data and the system
have a high stability.

In a concrete embodiment of the invention, it is provided
that an illumination device communicates only with illumi-
nation devices neighboring it.

The term “neighboring” refers, for example, to all the light
fixtures present in certain surroundings or in fact only the
directly neighboring light fixtures, for example, in a linear
arrangement of the illumination devices, this would refer only
to the illumination device arranged directly in front and
directly behind.

Finally, it is also favorable if any illumination device
decides autonomously to which illumination devices it will
transmit information detected itself [by that illumination
device] or information obtained from one or more other illu-
mination devices.

“Autonomous” here means that the illumination device in
question does in fact make the respective decision itself, i.e.,
completely independently. To be sure information from other
illumination devices may also be used to reach a decision and
this is usually the case—assuming that such information is
available. Whether and how the illumination device in ques-
tion uses this information, however, remains up to said illu-
mination device itself alone // only to itself.

Therefore the illumination system can be expanded infi-
nitely in principle without running any risk that the informa-
tion will be propagated infinitely. Furthermore, a decentral-
ized system can be created in this way.

A system expansion by adding additional illumination
devices can be performed at each illumination device node
and/or communication node, so that two separate systems can
be connected to one another without any rearrangement mea-
sures.

For the case when one illumination device sends informa-
tion only to neighboring illumination devices, the illumina-
tion device thus decides whether information is transmitted at
all and whether the received information is relayed further.
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Finally, the object defined in this introduction is achieved
with a method of the type already mentioned in which each
illumination device is controlled according to the invention
independently of the object type detected and/or indepen-
dently of the distance, in particular the position of an object
from the at least one light fixture of the illumination device
with a corresponding luminous intensity.

Preferably neighboring illumination devices communicate
with one another by means of their communication means for
exchanging information, such that the information transmit-
ted by an illumination device contains at least sensor infor-
mation from its at least one sensor device and such that such
an illumination device receiving such information transmit-
ted by one or more neighboring illumination devices will take
this information into account into selecting the luminous
intensity for its at least one light fixture.

Furthermore, it is possible to provide that the same light
profiles are stored in all illumination devices of the illumina-
tion system.

In addition, it is advantageous if an illumination device
selects the illumination devices to which it will transmit infor-
mation in an object-specific manner, i.e., as a function of the
type of object and/or if an illumination device selects the
illumination devices to which it will transmit information as
a function of the position of the object and also as a function
of the direction of movement in the illumination system.

In a concrete embodiment of the method according to the
invention, it is also provided that an illumination device com-
municates only with its neighboring illumination devices.

Furthermore, it is possible to provide that each illumination
device decides autonomously to which illumination devices it
will transmit information detected itself and/or information
received from one or more other illumination devices.

Each illumination device, considered separately is a central
control unit which is synchronized/equalized with other illu-
mination devices before a decision-making process. In the
event of failure of one or more illumination devices, the
function of the other illumination devices is affected only
slightly or not all because each illumination device contains
all the light profiles and its own control logic.

Each illumination device can evaluate several objects
which it detects as well as evaluating information about sev-
eral objects and their properties, such as the object type, the
direction of movement, the speed, size, self-lighting, etc.,
which it receives from one or more illumination devices, on
the basis of the predefined relationships, then select the cor-
responding luminous intensity and breaking-in time and,
depending on the result, send a single message to the neigh-
boring illumination devices.

It is not necessary for the sensors of the individual illumi-
nation devices to first send the signals to a central control unit
which must then also know the respective positions of the
sensors exactly like those of the light fixtures to then be able
to transmit the control sensors with the desired luminous
intensity to the specific light fixtures. In this case namely
when there are multiple objects, control in real time is no
longer possible due to the latency inherent in the network and
system. The natural limit for systems having a central control
unit is given here by the data transmission bandwidth, the
number of objects and the number of independently con-
trolled light fixtures.

Unlike the state of the art, the detected information is also
not propagated through the network of the illumination
devices to an unlimited extent, and the information is not only
propagated in the direction of movement but instead is pref-
erably propagated in all direction (e.g., to all neighboring
illumination devices). Furthermore, in the present invention,
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the range of the information, i.e., how far the information is
sent from an illumination device, is adjustable.

The distribution of a message to neighboring illumination
devices or the maximum number of illumination devices
(range) by means of which this message is propagated is
regulated in the light profiles.

The above mentioned predefined and programmable rela-
tionships define the behavior of the illumination system and
the individual illumination device in interaction of two or
more objects. Thus acommon light profile which corresponds
optimally to the given situation is defined.

EXAMPLE
Three Situations a), b), ¢)

a) a vehicle approaches a pedestrian walking in the opposite
direction on the sidewalk

b) a vehicle approaches a pedestrian walking on the sidewalk
in the same direction as the vehicle is traveling

¢) a vehicle approaches a pedestrian crossing the road

Although the individual light profiles for the two objects
are identical, a different light profile which corresponds opti-
mally to the overall situation is generated in each of the three
situations.

There is also no limit for the maximum number of detect-
able objects, because, as described above, only one single
message is sent by an illumination device at a certain point in
time, said message containing information derived from a
number of detected items of information or from the results of
the relationships derived from information obtained from
other illumination devices and from information from its own
sensors.

Due to the relationship calculation, the information is de
facto compressed into a result so that one always has control
of not only the number of objects but also the bandwidth
required for data transmission.

The invention is explained in greater detail below on the
basis of the drawing, in which

FIG. 1 shows a variant of an illumination device according
to the invention,

FIG. 1a shows another variant of an illumination device
according to the invention,

FIG. 15 shows yet another variant of an illumination device
according to the invention,

FIG. 2 shows an exemplary schematic diagram of light
profiles,

FIG. 3a shows a light profile, i.e., an aura for a first object,
and

FIG. 3b shows a light profile, i.e., an aura for a second
object,

FIG. 3¢ shows a light profile, i.e., an aura for a third object,

FIG. 4 shows a one-dimensional arrangement of light fix-
tures in an illumination system,

FIG. 5 shows a two-dimensional arrangement of light fix-
tures in an illumination system,

FIG. 6 shows the light distributions in an illumination
system at three different times with a moving object,

FIG. 7 shows the light distributions in an illumination
system for the case of two objects moving in one direction,

FIG. 8 shows the light distributions in an illumination
system for the case of two objects moving in opposite direc-
tions,

FIG. 9 shows a schematic exemplary embodiment commu-
nication between illumination devices in an illumination sys-
tem according to the invention,

15

30

40

45

50

55

8

FIG. 10 shows another example of communication of illu-
mination devices in an illumination system according to the
invention,

FIG. 11 shows an example of the light distribution of a
vehicle before a tunnel and in a tunnel.

FIG. 1 shows a first variant of an illumination device LV
according to the invention, but the following text also makes
reference to FIG. 2. The power supply unit of the illumination
device LV is labeled with reference notation VER.

The illumination device LV in this diagram includes a light
fixture LE which consists essentially of the light source LQ
and an electronic ballast EVG. The light device LV may
naturally also include multiple light fixtures.

The illumination device LV also has a sensor device SEV
for detection of objects O1, 02, O3 (see additional figures),
said sensor device SEV of the illumination device LV also
supplying information for controlling the at least one light
fixture LE.

The sensor device contains a sensor module SEM having a
signal processing unit to which one or usually more different
sensors SE1, SE2, SE3, . . ., SEN are connected. The signal
processing unit processes the primary signals originating
from the sensors so that the sensor device SEV itself then
detects only simple information such as: “an object type O2
has been detected the position of O2 is XX, the speed is O2 is
YY, the road surface is wet, the luminous intensity on the road
is etc”

The sensors SE1-SEN may be sensors for object recogni-
tion and object tracking, audio sensors, infrared and/or radar
sensors for detecting the direction of movement of the object,
etc. In addition, sensors may also be provided for detecting
the “basic brightness,” for example, a light fixture must pro-
vide less illumination if the basic brightness is higher than in
other cases (e.g., in strong moonlight, etc.). Thus, under some
circumstances, it may also be possible to detect whether a
neighboring light fixture has failed and to adapt the luminous
intensity accordingly, etc.

The sensor device SEV is equipped for detecting the object
type Oidl, 0id2, . . ., OidN of a detected object O1, 02, O3
and/or for determining the distance of the detected object O1,
02, O3 for determining the object type and distance. Further-
more, it is advantageous if not only the distance is determined
but also the position, the direction of movement and the speed
of'the object are also determined in general.

As a rule, as also explained in greater detail below, it is
important to know “how many” light fixtures (unit of
distance=distance ofthe light fixtures for the case of approxi-
mately the same distances between the light fixtures) an
object is away from a certain light fixture, so that the distance
measurement is concentrated primarily on this question and
the position measurement is concentrated on the question of
how many light fixtures there are between the given object
and a certain light fixture—in front, behind, at the side, above
or below.

In addition, the illumination device LV has a memory SPE
which in this embodiment is designed as part of the control
device STV.

The memory SPE is equipped for storing N light profiles
LP1,LP2,...,LPN (FIG. 2) in this example, where the light
profiles LP1, LP2, . . . , LPN contain luminous intensity
values W11, ..., WIM; W21, W2M; ...; WN1, ..., WNM
as a function of object types Oidl, 0id2, . .., OidN and as a
function of the distance, preferably the position of an object
01, 02,03 to the one light fixture LE of the illumination
device LV.

The control device STV now controls the light fixture LE
with a corresponding luminous intensity value W11, . . . |
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WIM; W21, ..., W2M; ...; WNI1, ..., WNM from a light
profile corresponding to the object type and does so by using
the information pertaining to the object type Oidl,
0id2, . . ., OidN and the distance (position) of a detected
object, this information having been obtained from the sensor
device SEV.

With the preferred variant shown here, the illumination
device LV already has a communication device KOM for
communicating with other illumination devices of the same
type. The communication may be via hardwired or transmis-
sion (radio, Bluetooth, WiFi, mobile telephone, infra-
red, ... )oramixed wireless hardwired communication is also
possible.

Through communication of the illumination device with
one another, they can primarily exchange information with
one another with respect to detected objects but also with
regard to their momentary light intensities, and this informa-
tion can then be exchanged by the illumination devices for
selecting the light intensities from the given light profiles.

The illumination device according to the invention as
shown in FIG. 1 can be implemented in a particularly compact
design because all the relevant components for the illumina-
tion device such as the memory SPE, sensor device SEV,
communication device KOM, control device STV as well as
the light fixture(s) are already integrated into a device LV.

However, certain components may also be provided exter-
nally or all components except for the light fixtures may be
integrated into a shared unit EH, which is connected to a
number of external light device LE, for example, three light
devices LE as shown in FIG. 1a. The light device LV in this
example consists of the unit EH and the three light fixtures LE
connected thereto.

However, it may just as equally be advantageous if, as
shown in FIG. 15, all the components and also one or more
light fixtures are arranged in one housing EH (according to
FIG. 1) but then one or more external light fixtures which
themselves do not have a sensor device, communication
device or control device are also triggered by this unit EH.
The illumination device again comprises the unit EH and the
external light fixtures LE.

In its general interpretation, the term “illumination device”
thus refers to all the components that belong together (sensor
device, communication device for communicating with other
illumination devices, sensor device, control device, light fix-
tures) but these need not be integrated into a common housing
but instead all of them may be arranged separately in the
extreme case.

In the case of external light fixtures, which are controlled
by the control device, the light fixtures must be equipped for
communicating with the control device. This may be accom-
plished in a wireless and/or hardwired system, wherein the
communication device may fundamentally be used for com-
munication of the illumination devices with one another or if
a separate communication device, by means of which the
control device communicates with the external light fixtures,
is available.

The illumination device may include one or more internal
purely external or mixed internal and external light fixtures.

A corresponding value from a light profile may be assigned
by using extrapolation, for example, and transmitted to exter-
nal light fixtures, which are usually located at a certain dis-
tance from the sensor device, so these light fixtures cannot
assume the same position with respect to an object as the
sensor device. However, this type of “central control” is usu-
ally used only for a limited number of light fixtures in a
certain environment around the sensor device (to a distance of
approx. 15 meters, for example) and is advantageous in par-

20

25

30

40

45

10

ticular in most cases in which the light fixtures are installed at
very short distances from one another, as in a tunnel or cor-
ridor in a building.

FIG. 2 shows light profile LP1, LP2, . . ., LPN, such as
those already mentioned briefly above, for N different object
types Oid1, Oid2, . . ., OidN. Each light profile contains a list
of luminous intensity values W11, W12, . .., W1M (for the
objecttype Oidl), ..., WN1, ..., WNM (for the object type
OidN) for the respective object types. “M” denotes the num-
ber of illumination devices or light fixtures used for illumi-
nation for a certain object type and forming its aura; this
number may be different for different object types, but that is
not illustrated in FIG. 2.

The values W11, . . . represent either the luminous intensity
to be actually emitted by the light fixture or preferably the
luminous intensity or light intensity with which the environ-
ment around the light fixture is to be illuminated. In the latter
case, depending on the external factors, the luminous inten-
sity emitted by the light fixture can be adapted to achieve the
value for the surroundings.

Thevalues W11, ... in the light profiles define a light image
(“aura”) for each object type, such that this aura moves as the
object moves. The light profiles usually do not include dis-
tance values, as already mentioned, because the distance is
quantified with the spacing of the light fixtures, i.e., each
tabulated value is based on a light fixture having a certain
(light fixture) distance from the object.

For the sake of illustration reference is made to FIGS. 3a
and 35. F1G. 3a shows an object O1 (=0id1) for which an aura
is defined with six light fixtures. These light fixtures are
spaced a distance of 20 meters apart from one another for
example, i.e., 6 light fixtures for 100 meters. The aura of such
an object extends on the one hand to the area in front of the
object (FLAS, “forward light aura shape™) and on the other
hand extends to the area behind the object (BLAS, “backward
light aura shape™).

In the examples in FIG. 3aq it is provided that the FLAS
comprises five light fixtures and the BLAS comprises one
light fixture, i.e., there are five light fixtures in front of the
object O1 and there is one light fixture behind the object.
Accordingly, the light profile includes six luminous intensity
values W11-W16, such that the values W12 (the second value
in the table) describe the luminous intensity value under the
light fixture (and describes the first value of the FLAS), W13
describes the luminous intensity values of the light at “a” light
fixture distance from the light fixture at which the object is
located, etc. The value W11 describes the luminous intensity
for the one light fixture downstream from the object.

If the object moves along a row of light fixtures, this aura
also travels with the object, i.e., the light fixture beneath
which the object is located (value W12) is occupied with the
value W11 as movement is continued, etc.

FIG. 3b shows an example of an object O2 which must
comprise an aura of five light fixtures, the FLLAS comprising
thee light fixtures and the BLAS comprising two light fix-
tures.

If the situation is such that one object does not have a
BLAS, i.e., there is no light fixture behind the object, then the
value W11 describes the luminous intensity for the light fix-
ture beneath which the object is at that moment (FIG. 3¢).

FIG. 4 shows an illumination system SYS according to the
invention in a “one-dimensional” configuration. This illumi-
nation system SYS consists of the illumination devices (or
light fixtures) L1 .. . LN, which are arranged along a segment
(straight line, curve, corner in a hall, etc.).

Another illumination system SYS according to the inven-
tion in a “two-dimensional” configuration is shown in FI1G. 5,
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where the light fixtures (or illumination devices) [11, . . .,
LM1,...,LIN,...,LMN are distributed over an area. In such
a two-dimensional configuration, the aura of an object also
includes the left aura (“left LAS”) and a right aura (“right
LAS”) whose corresponding luminous intensity values may
again be imaged in a one-dimensional table (light profile).

However, the light profile may also be defined in a 2D table
(matrix) in which there is a definition for each object type,
indicating what is the central position (i, j) for a certain object
type, i.e., this is the value of the luminous intensity which is
based on the position (light fixture) at which the object is
located. Different types of objects may have different central
positions. The aura, i.e., the luminous intensity and the num-
ber of light fixtures lit up in all directions of an object type are
defined by this matrix. Such a representation of the light
profile is especially suitable for parking places or for large
areas with light fixtures in a grid construction.

Essentially it can be pointed out that the invention can be
applied in principle to any arrangement of light fixtures/
illumination devices but that an especially simple implemen-
tation is obtained when the light fixtures are arranged equi-
distant from one another in a 1D, 2D or 3D configuration.

FIG. 6 also shows the continued movement of an object O3
(see aura in FIG. 3¢) along a linear configuration of light
fixtures [.1-1.7, each of which emits a luminous intensity of
i1-i7. For the same of simplicity, it is assumed in FIG. 6 and
in particular in FIGS. 7 and 8 that the two light fixtures
L1, ... are illumination devices having all the relevant com-
ponents including a light fixture arranged at a shared location
(e.g., in a housing), and the terms light fixtures and illumina-
tion devices are used as synonyms in discussing these figures.
This serves primarily as a simpler representation of the idea
according to the invention and should not constitute a restric-
tion of the invention.

According to the aura in FIG. 3¢, the light intensities at
time t1 (object O3 is beneath the light fixture/illumination
device 11) conform to the following relationship: i1cc W11,
120c W12, i3 o« W13, i4c W14, i5«W15, i6=0, 17=0.

If the object O3 moves and if it is beneath the light fixture
L2 at the time 2, then the following relationships hold: 11=0,
20cW11, 30cW12, i4cW13, i5«cW14, i6ccW15, i7=0.
Finally, at time t3 it holds that 11=0, 12=0, i3« W11, i4c W12,
i50cW13, 16114, i7«W15.

FIG. 7 shows another situation (9 light fixtures/illumina-
tion devices are shown) in which two objects O1, O2 are
moving from left to right along the illumination system. In
this example it is assumed that both objects O1, O2 have an
aura like that represented in FIG. 3c.

In principle, the light fixtures L.1-L.5 would be controlled in
accordance with the light profile (the aura) of the object 02,
and the light fixtures 1.4-L.8 would be controlled in accor-
dance with the light profile (identical in this example) of the
object O1. Since the light fixtures can now communicate with
one another, the respective light fixtures know of the presence
of'the objects O1, O2 and to prevent glare from the object O1
due to the object O2 driving behind it, but possibly approach-
ing it, there is a reduction in the luminous intensity of the
lamps situated behind the object O1 in accordance with
defined rules. In the example shown here, the light fixtures
[.2-1.4 are set at the central value of the object O2, i.e., here at
the value beneath the light fixture L.1. The light fixture L5 is
actually controlled with two values, a high value 0of O2 and a
lower value of O1; in this specific case the lower value of
object O1 is used.

FIG. 8 shows a similar situation with objects moving
toward one another. The illumination system here should not
cause glare or irritation due to a change in luminous intensity.

20

25

40

45

12

In practice, automobile drivers in such situations will also
switch from high beams to low beams and the adaptation of
the light distribution in this system should take place in a
similar way.

To achieve the most harmonious possible lighting pattern,
itis also expedient if the sensor device SEV of an illumination
device LV is also equipped to detect the speed of the objects
01, 02, O3 detected and/or the direction of movement of the
object 01, 02, 03.

Furthermore, the control device STV is equipped to adjust
the start-up and/or stopping rates and/or the duration of illu-
mination of the at least one light fixture LE in the illumination
device LV as a function of the speed of the object O1, 02, O3
detected and/or of the direction of movement of the object O1,
02, O3 and/or of the position of the object O1, O2, O3.

Based on the momentary speed of an object, its distance
from a light fixture and optionally its position with respect to
the light fixture, the duration of illumination and the on and
off time are calculated by the control device.

It is especially advantageous, as already stated, if neigh-
boring illumination devices in the illumination system SYS
according to the invention communicate with one another by
means of their communication means KOM for exchanging
information with one another, wherein the information trans-
mitted by an illumination device at least contains sensor
information from its at least one sensor device SEV, and
wherein such an illumination device receiving information
transmitted by one or more neighboring illumination devices
will take this information into account in selecting the lumi-
nous intensity for its at least one light fixture.

FIG. 9 shows an example of a communication in illumina-
tion system consisting of the illumination devices V1,
LV2,...,LV7, LVN, LVN+1. The communication is bidi-
rectional and is in the form ofa 1 to 1 communication between
the illumination device LV1 and LV2 and in the form of'a 1 to
N communication between the illumination device LV2 and
the remaining illumination devices LV3-LVN+1. The illumi-
nation devices LV3-LV7 in turn communicate only with their
immediate neighbors, but the communication is such that the
communication is looped through if there is a failure of one
illumination device.

FIG. 9 shows only a detail of the overall configuration. LV8
may come after the illumination device LV7, etc. Each illu-
mination device has two communication connections. Thus
each illumination device can send or receive in both direc-
tions. If an object in FIG. 9 moves out of the direction of the
illumination device V1 [sic; LV1?], LV2, the illumination
device LV2 transmits information to LV3, LV7, LVN. IfLV7
is the last illumination device, the information is not trans-
mitted further because there are no other illumination devices
present.

If an object in FIG. 9 moves out of the direction of the
illumination device LV7, the lighting V7 transmits the infor-
mation to LV2, LV3 and LVN.

The communication in FIG. 9 takes place via hardwired
connections, but a mixed wireless/hardwired communication
is shown in FIG. 10.

It should be pointed out again that the illumination devices
shown in FIGS. 8 and 9 may each comprise one or more
internal and/or external light fixtures.

However, the preceding figures show explicitly light fix-
tures in which one or more light fixtures may be part of an
illumination device.

An especially simple design of the illumination system is
obtained when the same light profiles are stored in all illumi-
nation devices of the illumination system SY'S. In this way all
the relevant information about autonomous adjustment of the
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luminous intensity is available for each illumination device.
The illumination devices may be interchanged without dis-
turbing the functionality ofthe system, i.e., one device may be
replaced by a similar device, e.g., for maintenance purposes,
etc. without any problem at all.

Fundamentally the information ascertained by the sensors
belonging to an illumination device in question has a higher
priority than information transmitted from other illumination
devices to the illumination device in question, but preferably
all information is used for a decision by the illumination
device in question. However, if there is no external informa-
tion, the unit will decide autonomously how the luminous
intensity, etc. is to be adjusted, i.e., independently of the
information of other illumination devices.

Furthermore, it is also expedient if the choice of the illu-
mination devices to which information is to be transmitted
from an illumination device is made in an object-specific
manner, i.e., depending on the object type.

Alternatively or additionally it may be advantageous if the
choice of the illumination devices to which information is
transmitted from an illumination device depends on the posi-
tion of the object in the illumination system.

In a concrete embodiment of the invention it is provided
that an illumination device communicates only with its neigh-
boring illumination devices.

The term “neighboring” is understood to refer to all the
light fixtures present in a certain environment, for example, or
in fact only the directly neighboring light fixtures, for
example, in the case of a linear arrangement of the illumina-
tion devices only the illumination device arranged directly in
front and directly behind the one in question.

Finally, it is also favorable if each light device decides
autonomously to which illumination devices it will transmit
information detected by itself and/or information obtained
from one or more other illumination devices.

For the case when an illumination device sends informa-
tion only to neighboring illumination devices, the illumina-
tion device thus decides whether information is to be trans-
mitted at all and whether the received information is to be
relayed further.

Since concrete luminous intensity values are specified in
the light profiles, no computation work is necessary and
instead the relevant value is simply read out and used for
control of one or more light fixtures of an illumination device.

An illumination system according to the invention relates
to // is an autarkic network, which does not require a central
computer and the network can be expanded at will.

Today’s illumination devices are any inefficient because
they cannot supply the “correct” luminous intensity at the
“correct” time. This becomes possible with the present inven-
tion and it is thus possible to lower the energy consumption
and also to increase the quality of the illumination.

Furthermore, the failure of individual light fixtures can be
compensated by neighboring light fixtures, for example, in
that the sensor device detects this failure (decline in basic
brightness) and this is taken into account accordingly with the
other light fixtures.

Relatively any light sources can be used as the light
sources, but light-emitting diodes, in particular so-called
power LEDs, are especially suitable.

Finally, FIG. 11 shows an example of a vehicle before a
tunnel TUN (position 1), at the start of the tunnel (position 2)
and in the tunnel (position 3, position 4). An attempt is made
here to supply the driver with a constant illuminated area in
front ofhis vehicle. The tunnel entrance is always illuminated
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at a constant maximum level which depends on the ambient
brightness that is not dependent on the position of the vehicle
(position 1).

Inposition 2, the vehicle is detected by the sensor device of
the first illumination device and the next 100 meters in the
tunnel are illuminated at a constant level accordingly. If the
vehicle is detected by the next sensor in its continued move-
ment in the tunnel TUN, then another light fixture is activated,
while the luminous intensity of the light fixture whose sensor
the vehicle has just passed is reduced.

Finally, the constant aura of the object moving with it
through the tunnel and the position of the object with respect
to this aura are seen in position 4.

What is claimed is:

1. A illumination device comprising:

at least one light fixture;

at least one sensor device which detects objects and sup-

plies information to the illumination device to thereby
control the at least one light fixture, the at least one
sensor device being configured to detect an object type
of a detected object and determine the distance of the
detected object;

at least one memory configured to store at least one light

profile which contains luminous intensity values as a
function of the object type and the distance of the object
from the at least one light fixture; and

at least one control device which controls the at least one

light fixture with a corresponding luminous intensity
value in accordance with the information concerning the
object type and the distance of the detected object in
accordance with the information originating from the at
least one sensor device.

2. The illumination device of claim 1, wherein:

the at least one sensor device is configured to detect the

object type of the detected object and determine the
distance of the detected object from the at least one
sensor device; and

a separate light profile with luminous intensity values is

stored as a function of the distance of the respective
object from the at least one light fixture of the illumina-
tion device.

3. The illumination device of claim 1, wherein:

the at least one sensor device is configured to detect the

position of a detected object; and

the at least control device is configured to control the at

least one light fixture with a corresponding luminous
intensity value in accordance with the information from
the at least one sensor device and pertaining to the posi-
tion of the detected object.

4. The illumination device of claim 1, further comprising at
least one communication device configured to communicate
with other illumination devices of the same type.

5. The illumination device of claim 1, wherein at least one
of'the at least one memory, the at least one sensor device, the
at least one communication device, and the at least one con-
trol device is integrated into the illumination device.

6. The illumination device of claim 1, wherein the at least
one light fixture is dimmable.

7. The illumination device of claim 1, wherein the at least
one sensor device is configured to at least one of detect the
speed of the detected object and a direction of movement of
the detected object.

8. The illumination device of claim 7, wherein the control
device is configured to adjust at least one of a rate of activa-
tion, a rate of deactivation and the illumination time of the at
least one light fixture as a function of at least one of the speed
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of the detected object, the direction of movement of the
detected object, and the position of the detected object.

9. An illumination system comprising:

a plurality of illumination devices each including:

at least one light fixture;

at least one sensor device which detects objects and
supplies information to the illumination device to
thereby control the at least one light fixture, the at
least one sensor device being configured to detect an
object type of a detected object and determine the
distance of the detected object;

at least one memory configured to store at least one light
profile which contains luminous intensity values as a
function of the object type and the distance of the
object from the at least one light fixture; and

atleast one control device which controls the atleast one
light fixture with a corresponding luminous intensity
value in accordance with the information concerning
the object type and the distance of the detected object
in accordance with the information originating from
the at least one sensor device,

wherein each illumination device is controlled as a func-

tion of at least one of the detected object type, the posi-
tion of the detected object and a direction of movement
of'the detected object from the at least one light fixture of
an illumination device with a corresponding luminous
intensity.

10. The illumination system of claim 9, further comprising
communication means configured to permit neighboring illu-
mination devices are configured to communicate with one
another to exchange information, such that the information
transmitted by the illumination device includes at least sensor
information from its at least one sensor device and wherein
such an illumination device receiving information transmit-
ted by one or more neighboring illumination devices receives
the information uses the information to select the luminous
intensity for its at least one light fixture.

11. The illumination system of claim 9, wherein the same
light profiles are stored in the illumination devices.

12. The illumination system of claim 9, wherein a selection
of the illumination devices to which information is transmit-
ted from a neighboring illumination device is dependent upon
the type of object.

13. The illumination system of claim 9, wherein the choice
of the illumination devices to which information is transmit-
ted from an illumination device as a function of the position of
the detected object and the direction of movement in the
illumination system.

14. The illumination system of claim 9, wherein each illu-
mination device communicates only with neighboring illumi-
nation devices.

15. The illumination system of claim 9, wherein each illu-
mination device decides autonomously to which illumination
devices it will transmit at least one of information it has
detected itself and information it has obtained from other
illumination devices.
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16. A method of illuminating a location to be illuminated
using an illumination system, the method comprising:

providing a plurality of illumination devices, each illumi-

nation device including:

at least one light fixture;

at least one sensor device which detects objects and
supplies information to the illumination device to
thereby control the at least one light fixture, the at
least one sensor device being configured to detect an
object type of a detected object and determine the
distance of the detected object;

at least one memory configured to store at least one light
profile which contains luminous intensity values as a
function of the object type and the distance of the
object from the at least one light fixture; and

at least one control device which controls the at least one
light fixture with a corresponding luminous intensity
value in accordance with the information concerning
the object type and the distance of the detected object
in accordance with the information originating from
the at least one sensor device; and then

controlling each illumination device as a function of at

least one of the detected object type, the position of the
detected object and a direction of movement of the
detected object from the at least one light fixture of an
illumination device with a corresponding luminous
intensity.

17. The method of claim 16, wherein each illumination
device further includes communication means configured to
permit neighboring illumination devices are configured to
communicate with one another to exchange information, such
that the information transmitted by the illumination device
includes at least sensor information from its at least one
sensor device and wherein such an illumination device
receiving information transmitted by one or more neighbor-
ing illumination devices receives the information uses the
information to select the luminous intensity for its at least one
light fixture.

18. The method of claim 16, wherein the same light profiles
are stored in all illumination devices of the illumination sys-
tem.

19. The method of claim 16, wherein each illumination
device selects:

the illumination devices to which it transmits information

as a function of the object type; and

the illumination devices to which it transmits information

and does so as a function of the position of the detected
object in space.

20. The method of claim 16, wherein each illumination
device:

communicates

devices; and
decides autonomously to which illumination devices it will

transmit at least one of information detected by itselfand

information received from other illumination devices.

only with neighboring illumination
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